Illegal hunting, driven by demand for bushmeat, threatens animal populations throughout Africa. While bushmeat consumption is thought to be common in the Tarangire-Manyara ecosystem (TME) of Northern Tanzania, its magnitude and drivers are not well understood. This lack of knowledge may inhibit effective mitigation policies. We conducted 394 household interviews in the TME in 2013 and 2014 to assess both the scale and the possible drivers of bushmeat availability and consumption in the ecosystem. Using generalized linear mixed models, information theoretic model selection, and accounting for spatial clustering of the interviews, we tested multiple hypotheses that underlie bushmeat consumption. Bushmeat consumption in the TME was found to be widespread among the local population. Surprisingly, we found little differences in reported bushmeat consumption between survey years (2013: 38%; 2014: 33% of interviewees). Pastoral Maasai admitted to consuming bushmeat significantly less often (2013: 29%; 2014: 26%) than non-Maasai (2013: 38%; 2014: 34%). Interestingly, none of the hypothesized spatial-or household-level factors consistently correlated with reported bushmeat consumption. Neither alternative sources of available animal protein, nor relative wealth affected bushmeat consumption. In conjunction with the relatively low price of bushmeat (half the price of domestic meat), these results suggest that bushmeat consumption is largely driven by its availability and low cost, and only to a small degree by cultural differences. Thus, conservation interventions will likely be most successful if they holistically manage to increase the cost of bushmeat relative to alternative protein sources.
Introduction
The consumption of meat from wild animals, known as bushmeat, is a common practice in many parts of Africa and presents a major threat to the conservation of wildlife [1] . Bushmeat consumption appears to be particularly prevalent in poorer areas where people rely on it as a primary and inexpensive source of protein in their diets [2] [3] [4] . However, bushmeat and animal products are also frequently consumed by wealthy people and are considered to be symbols of status in certain communities [5] . Bushmeat is associated with considerable risks of acquiring zoonotic pathogens which may cause severe symptoms in humans [6] [7] [8] . Ecologically, bushmeat hunting is rarely sustainable. In many countries throughout Africa, populations of large mammals have been dramatically reduced by unsustainable hunting [9] [10] [11] [12] , and subsequently, important ecosystem services, such as seed dispersal, have been impaired [13, 14] .
Illegal hunting for bushmeat has been of particular interest in the rainforests of Western and Central Africa [15] [16] [17] [18] [19] [20] [21] [22] ; however, this practice is increasingly being documented in Southern [23, 24] and Eastern Africa as well [1, 25] . In East Africa, animals are often poached within or adjacent to protected areas [26] [27] [28] , with migratory and relatively large species representing the majority of animals hunted [29] [30] [31] . In Tanzania, socio-economic and ecological aspects of illegal hunting have largely been focused on the Serengeti [25, 29, [32] [33] [34] [35] [36] and Katavi ecosystems [30, 31, 37, 38] , and areas around the Udzungwa mountains [39] [40] [41] [42] . However, a recent survey on bushmeat consumption suggested that bushmeat consumption is not limited to these selected areas, but indeed frequently occurs in multiple ecoregions of Tanzania [43] .
The likelihood of consuming bushmeat has been hypothesized to be linked to multiple factors, including socio-economic status, availability of alternative sources of protein, ethnicity, and availability of bushmeat. Empirical evidence suggests that bushmeat consumption varies considerably among Tanzanian ecoregions and ethnicities [38, 43] . Moreover, socio-economic variables appeared to affect bushmeat consumption differently within distinct ethnicities inhabiting the same ecoregion [38] . For instance, studies in Western Tanzania found wealth to be positively associated with bushmeat consumption for indigenous people, but negatively associated with wealth for immigrant agropastoralists [38] .
In order to assess the prevalence and drivers of bushmeat consumption in the Tarangire-Manyara ecosystem (TME), we estimated the prevalence of bushmeat consumption and associated correlates at the household level. Because Maasai people are generally considered not to consume bushmeat [43] and have different lifestyles (predominantly pastoralists) and values from most other dominant ethnicities in the region, we assessed correlates for bushmeat consumption separately for Maasai and non-Maasai [38] . From the findings of previous studies [38, 43] , we hypothesized that bushmeat consumption would be less prevalent among Maasai people, increase with the availability of bushmeat, decrease with the availability of alternative protein sources, and be higher in both poorer-and larger households. Beyond exploring ethnic-specific patterns and correlates of bushmeat consumption, we also assessed the effectiveness of top-down law enforcement. Responding to high levels of poaching (primarily elephant poaching), the Tanzanian government launched "Operation Tokomeza", a jointforces, nation-wide law-enforcement operation to curb illegal wildlife utilization in late 2013 [44] . By conducting household interviews before and after these increased law-enforcement activities, we were able to assess the effect of elevated law-enforcement on bushmeat consumption.
Methods

Study Area
This study was conducted in the Tarangire-Manyara ecosystem (TME) of Northern Tanzania, stretching from the lower section of the Ngorongoro highlands on top of the rift valley escarpment (Karatu district) to the Manyara plains around Mto wa Mbu and adjacent Maasai land (Babati district). Several protected areas are situated within the study area: Lake Manyara National Park (LMNP), Mto wa Mbu game controlled area (CA), Manyara Ranch (MR) and Tarangire National Park (TNP) (Fig. 1) . TME is rich in wildlife density and species diversity, and is famous for the migration of large herbivores, in particular wildebeest (Connochaetes taurinus) and zebra (Equus quagga) [45, 46] . Migration and wet season dispersal bring wildlife outside of fully protected areas, particularly to MR and the CA. The proximity of human settlements to protected areas and to wildlife corridors, coupled with infrequent law enforcement in partially protected areas, make wildlife susceptible to illegal hunting in this area [28, 47] . The Maasai, known for their pastoralist lifestyles, represent the major ethnic group in the area, although many other ethnic groups are present as well. In particular, the town of Mto wa Mbu receives substantial immigration from different Tanzanian ethnicities. Pastoralism, small-scale agriculture, and business are the most widely practiced livelihoods in the area [48] .
Household interviews
Interviews were conducted in mid-end April, 2013 and 2014 in the (sub-) villages of: Jangwani (subvillage of Mto wa Mbu), Baraka, Magadini Juu (sub-village of Mto wa Mbu), Naitolia, Mungere, Makuyuni, Mnada wa Zamani (sub-village of Mto wa Mbu), Kigongoni, Losirwa, Esilalei (Monduli district), and Manyara (Karatu district) (Fig.1) . In each of these villages, twenty to fifty households were chosen at random along pre-determined transects. People were asked if they would be willing to participate in an interview: participation was voluntary, anonymity was guaranteed, and individuals had the right to discontinue the interview at any time. We interviewed slightly more males than females The interviewees were asked for general information on ethnicity, education level (no formal education, primary school, secondary school, and higher levels of education combined), number of household members, ownership of livestock, poultry and key assets, and approximate frequency of consumption of various food items during the past year. Among the food items, bushmeat was one option. Availability of bushmeat was assessed by asking participants how frequently they see bushmeat for sale. We also asked interviewees whether they had been involved in hunting activities in the previous year. Appendix 1 contains the complete questionnaire. The market prices of legal domestic-and illegal bushmeat meat were collected through interviews with poachers in 2013 (poachers were identified through informants). Prices for domestic meat were also confirmed by local consumers.
Data analysis
We tested how reported bushmeat availability during the past year was affected by distance to Kigongoni (a village reported to be a major marketplace for bushmeat) using a logistic regression. Previous studies have tested distance to protected areas as a possible correlate for bushmeat consumption, but this did not appear straightforward in our case because the dispersion of wild animals during the wet season, coupled with little law enforcement outside protected areas, makes illegal hunting more frequent in community areas than in protected areas [28] . Therefore, we hypothesized that bushmeat consumption may be related more to proximity of local bushmeat markets than to distance from protected areas. Distance to Kigongoni was measured from Global positioning system (GPS) waypoints displayed in Google Earth, with one measurement taken for each (sub-) village visited ( Fig. 1 ). Village was entered as a random factor and binary coding was used for reported bushmeat availability during the past year (yes=1, no=0). The same analytical approach was used for the target variable 'reported involvement in hunting'. As explanatory variables, we considered ethnicity and year and their interaction.
In order to gauge bushmeat consumption, we first generated descriptive data including percentage of the population consuming bushmeat. To test for differences in reported bushmeat consumption among years and ethnic groups we used a logistic regression, with village entered as a random factor and ethnicity and year as explanatory variables (considered as an interaction to account for independent effects of ethnicity and year).
A general linear mixed model with binomial error structure was used to analyze socio-economic and spatial variables that may affect bushmeat consumption. We tested whether admitted bushmeat consumption (1= reported consumption during the past year; 0=no reported consumption during past year; in line with Mgawe et al. [38] ) were related to the following hypothesized variables: household size, ownership of either chickens (Gallus gallus domesticus), shoats (sheep Ovis aries and goats Capra aegagrus hircus combined), and/or cattle Bos taurus (all coded as either yes or no because interviewees were occasionally not able to state the exact number of livestock), education level (no formal education, primary school, secondary school), wealth (measured with an index), distance to Kigongoni. Wealth was assessed using an index based on ownership of certain key possessions, including bicycles, motorbikes, vehicles, radios and a television. The index scores were derived from the first component of a principal component analysis on the suite of assets [38] . The index is inversely scaled with low (high) values indicating households with many (few) assets. The (sub-) village in which data were collected was entered as a random effect in order to account for potential non-independence between households in the same village. For each year (2013 and 2014) and ethnicity (Maasai and other ethnicities) we fitted separate models to account for possible confounding effects of ethnicity and law enforcement [38] . For each ethnicity-year combination, we fitted all possible models and ranked the models according to the sample size corrected Akaike's information criterion (AICc) and corresponding model weights [49] . Since several models received similar model support, we averaged the parameter estimates from those models that were within 4 AICc scores from the model with the lowest AICc score using the natural average method [50] .
In order to predict model outcomes, we estimated odds ratios (exponent of regression coefficient) for relevant explanatory variables. Odds ratios provide information on how the likelihood for the target variable changes if the explanatory variable changes by one unit. All data analyses were performed in R [51] .
Results
Bushmeat availability
In total, we conducted 394 interviews over the two study years (2013: 185; 2014: 209). Bushmeat was reported to be available for purchase at some point during the last year by 48% of respondents in 2013 and by 41% of respondents in 2014. In 2013, reported bushmeat availability did not change with respondent's distance from Kigongoni (P = 0.541). However, in 2014, the likelihood of reported bushmeat availability declined marginally significantly (P = 0.091) by 0. Interviewees belonging to other ethnicities were significantly (P = 0.019) less likely to report being involved in hunting than Maasai (odds ratio: 0.25). Reported involvement in hunting did not differ between years (P = 0.286) and the interaction 'year x ethnicity' was also not statistically significant (P = 0.861).
Bushmeat Consumption
In 2013, 38% of the surveyed population admitted to bushmeat consumption compared to 33% of all interviewees in 2014. Overall, bushmeat consumption was less frequently admitted by Maasai compared to members of other ethnicities (Fig. 2) . A logistic regression suggested that the likelihood of reporting bushmeat consumption during the past year was significantly higher (P = 0.035; odds ratio: 2.243) for members of other ethnicities compared to Maasai. Bushmeat consumption was not significantly different between 2013 and 2014 (P = 0.659) and the interaction between ethnicity and year was also not significant (P =0.374). Among those who admitted bushmeat consumption, the reported frequency of consumption was relatively evenly distributed (Fig. 3) . 
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Correlates of bushmeat consumption -Maasai
In 2013, the likelihood of Maasai admitting to bushmeat consumption increased significantly, 1.1 times per additional km distance to the main bushmeat market of Kigongoni (Table 1) . Maasai who owned chickens had a 3.7 times higher likelihood of self-reporting bushmeat consumption than Maasai who did not own poultry. Other variables (wealth index, household size, shoat and cattle ownership) were present among the top models but did not reach statistical significance. Education level was not present among the top models. In 2014, Maasai with more assets were marginally significantly more likely to self-report bushmeat consumption (odds ratio: 0.38 per index score). Other variables (distance to Kigongoni, chicken, shoat and cattle ownership, and household size) were present among the top models but did not produce a statistically significant signal ( Table 1) .
Correlates of bushmeat consumption -other ethnicities
In 2013, none of the variables hypothesized to correlate with bushmeat consumption were statistically significant ( Table 2 ). In 2014, only household size was marginally significantly and negatively correlated with the likelihood of admitting bushmeat consumption. Per additional household member, the likelihood of self-reporting bushmeat consumption decreased by 0.88. Interestingly, we found substantial variation in bushmeat consumption depending on the village (indicated by the standard error of the random intercepts) in the model for other ethnicities but not in the models for Maasai (Tables 1, 2 ). 
Discussion
Our extensive household survey suggests that bushmeat consumption in the Tarangire-Manyara ecosystem is widespread among the local population. Surprisingly, we found little differences in reported bushmeat consumption between survey years and between Maasai and non-Maasai, and very few of the hypothesized factors correlated with reported bushmeat consumption.
Scale and patterns of bushmeat consumption
In both survey years, at least 41% and 33% of the interviewees reported that bushmeat was available and admitted to bushmeat consumption, respectively. Both availability and consumption were frequently reported to occur at high frequencies (Fig 3) . Due to the illegal nature of bushmeat, these figures likely underestimate the actual magnitude of bushmeat availability and consumption [52, 53] . Clearly, more sophisticated, indirect social research techniques (e.g. randomized response technique, projective questioning, or the brief implicit association test) can be applied to gauge the actual scale of illegal bushmeat consumption (or hunting) in the ecosystem. However, by definition, these indirect methods do not allow associating attributes of interviewees with illegal activities [52, 53] .
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Surprisingly, Maasai frequently admitted to bushmeat consumption and even hunting. This is in stark contrast to Maasai in other parts of Northern Tanzania who had not reported consuming bushmeat at all [43] . We suspect that, due to the close co-existence of Maasai and other ethnicities in this part of Tanzania, Maasai are exposed to different lifestyles and habits (including bushmeat consumption) and partly give up their traditional behaviors.
Overall, this suggests that pastoralist ethnicities (such as Sukuma and Maasai), previously thought not to be involved in bushmeat activities, are now -at least in some areas of Tanzania -involved in bushmeat activities [38] . A small proportion of local people admitted to opportunistically hunting wild animals for their own consumption. However, most bushmeat is supplied by young men who hunt wildlife illegally and sell the meat at local markets. Most of these illegal hunters live in Kigongoni and Mto wa Mbu, where reported bushmeat availability was highly prevalent [28; unpublished data].
Correlates of bushmeat consumption
Unsurprisingly, a varied picture of variables influencing bushmeat consumption was revealed, with factors fluctuating substantially in magnitude and significance between years and ethnic groups. However, between Maasai and non-Maasai ethnicities, and between 2013 and 2014, household size, wealth, education level, cattle and shoat ownership had no significant impact on bushmeat consumption. The lack of correlation between livestock ownership and bushmeat consumption contrasts with other studies' finding, that livestock ownership reduces bushmeat consumption [36] . This suggests that bushmeat consumption in the studied area is not necessarily due to a lack of alternative protein sources. Similar to our study, livestock ownership among the people in the Pimbwe area of southwestern Tanzania was also not related to bushmeat consumption [38] . One reason for this unexpected result may be that many households sell livestock to augment other expenses and seldom slaughter livestock for their own meat consumption.
Similarly, while wealth and household size have been found to be significant factors affecting bushmeat consumption in Gabon [2] , their non-significant or marginally significant correlation in this study suggests that bushmeat is not necessarily associated with relative wealth of households. Similar to other areas of Tanzania, the cost of bushmeat in our study area was half the cost of meat from domestic animals [36, 38] . This low price, relative to domestic meat, may be a key driver for the widespread bushmeat consumption among the local population in the ecosystem [31] .
Factors influencing bushmeat consumption also varied between Maasai and non-Maasai groups. For Maasai, chicken ownership was a significant predictor of bushmeat consumption in 2013 (but not in 2014). Traditionally, the Maasai do not keep chickens or consume bushmeat. Ownership of chickens may thus indicate a departure from the traditional purely pastoralist lifestyle, which appears to go hand in hand with an increased likelihood of consuming bushmeat.
Strategies for reducing bushmeat hunting and consumption
The widespread occurrence of bushmeat consumption suggests that conservation interventions need to holistically address bushmeat hunting, trade, and consumption in this ecosystem. Demand for cheap bushmeat (despite a large potential supply of livestock) is a serious threat to wildlife conservation in the ecosystem, and elsewhere in Tanzania, and is often overlooked in the media and policy agendas. The law enforcement operation 'Tokomeza' was particularly geared towards fighting elephant poaching, but also targeted bushmeat poachers. The 6 % decrease in reported bushmeat consumption between 2013 and 2014 -though insignificant -may reflect a slight decrease in bushmeat use prompted by the law enforcement operation. However, we can not determine whether this decrease in reported bushmeat consumption was an actual decrease or whether it resulted from elevated fear and subsequent under- reporting. While our results suggest that bushmeat consumption is prevalent among the human population in this ecosystem, with minimal differences among ethnicities, spatial, or household-level attributes, conservation interventions are urgently required -particularly given the high human population growth rate (3.2% ) in the study area [54] . The surveyed households were located in important wildlife corridors and dispersal areas of the ecosystem that are crucial for the functional connectivity of the ecosystem [46, 55] . The extent of illegal hunting is substantially impacting the behavior, population size and community structure of wildlife in the ecosystem [28, 47] .
So far, the main conservation strategy to curb bushmeat poaching in the ecosystem has focused on improving law enforcement in the core protected areas and multiple-use areas that connect the two national parks [28] . Clearly, improved anti-poaching activities could reduce bushmeat supply and thus increase the cost of bushmeat, which may eventually reduce bushmeat demand and consumption [36] . In addition to field-based law enforcement, we strongly suggest law enforcement in villages, particularly in Mto wa Mbu and Kigongoni, where the bushmeat is almost openly available. Previous research has shown that providing alternatives to bushmeat hunters/traders appears to be a more cost-effective approach to reducing bushmeat supply than increased law-enforcement [42] . So far, conservation agencies have not implemented this approach in our study area. We, therefore, strongly suggest supplementing increased law enforcement with a program that provides bushmeat hunters with alternative forms of income [36, 42] , so that poaching will be perceived as (a) more risky and thus (b) be less profitable compared to actual alternatives. Importantly, such programs need to be cooperative ventures between local communities and conservation agencies [56] .
Implications for conservation
Our survey extends knowledge of bushmeat consumption to a fast-growing area of Northern Tanzania that is important for many wildlife populations and for the tourism sector of Tanzania. We found bushmeat consumption in the Tarangire-Manyara ecosystem to be widespread, and to occur in all major ethnic groups. In line with research from other areas of Tanzania, we found that the demand for bushmeat is not closely related to household-level attributes, but is rather steered by the availability and relatively low price of bushmeat. We therefore suggest that conservation implementations should focus on reducing the supply of bushmeat, which would increase the price of bushmeat relative to other (readily available) protein sources.
